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"TN the following Traf 1 bare ſaid £11 think we- 5 
ceſſary to give an Idea of this New STRUCTURE 
_of au Ox RRV, the Manner of applying tbe ſeveral 
' Parts, and the general Deſign and Intention to be 
anſwered by each ſeparately, and by the whole together. © | 
And as this is no leſs than an univerſal Repreſentation | 
of the Munvanz SysSTEM, and an Explication 
thereby of all its numerous Phœnomena, which contain 
the firſt PRINCIPLES of the moſt extenſive, entertain- 
ing, and uſeful Sciences of ASTRONOMY and GEo0s 
BAHN, it is very eaſy to infer, that ſuch à copious 
Doctrine can be expected only from the Iuſtructions 
of a MASTER, viva voce; from Attendance on LE c- 
TURES," where all the Parts of the ORRERY are ex- 
hibited and explained; or laſtly, from a PE Rus AL of 
| Books rote profeſſedly on ſuch Subjects. The Deſ- 
criptian and Uſe of a common Orrery, the Reader will 
Ind in every Book ;, but for a particular and full De- 
tail of all the Uſes of that which is here offered to the 
Public, I muſt beg Leave to recommend to the Purcha- 


* — — — U — 


* — — 


— 
, 


— 


r 


— — ee ee TO 


ſer, the TREATISE which I have publiſhed under the | | 
_T1TLE of The YouncG GENTLEMAN AND LApr's : 
Philosophy, 2 Vol. 8 vo. 2d Edit. | Becauſe my | 


principal View in that Book was to facilitate tbe 
Knowledge of the TRUE SYSTEM of the WORLD 10 


young Minds by the various Parts of ſuch a Machine; 
and to render the Book of NaTURE as tegible as 


poſſible to wy _— . 
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N the following 25 raft 1 3 725 all 1 ibn ne- 
ceſſary to give an Idea of this New STRUCTURE 
F an OrRgERy, the Manner of applying the ſeveral 
Parts, and the general Deſign and Intention to be 
anfwered by each ſeparately, and by the whole together. 
And as this is no leſs than an univerſal Repreſentation 
of - the Munpanz SysTEM, and an Explication 
 therehy of all its numerous Phatnomena,;which contain 
rhe firſt PRINGiPLEs of the moſt extenſive, entertain- 
ng, and uſeful Sciences of ASTRONOMY ad GEQ- 
GRAPHY, it is very. eaſy iv infer, that ſuob a copious 
Doctrine can be expetied only from the Inftrufions 
of a MasTER, viva voce; from Attendance on LE C- 
TURES,” where all the Parts of the Ora ERV are ex. 
Bibited and explained; or laſtly, from a PzxuSaL of 
Books wrote profeſſediy' on ſuch Subjects. T. be Deſ- 
 cription and Uſe of a common. Orrery, the Reader will 
find in every Boot; but fer a particular and Full De- 
tail of all the Uſes of that which is here offered to the... 
Public, I muſt beg Leave to recommend to the Purcha- 
» ſer, the TREaTISE which I have Publ; ſhed under the 
T1TLE of The Young GENTLEMAN AM D Lapy's 
Philosoph, 2 Vel. gv. 2d Edit; (| Becauſe my 

principal View in that Book tas to facilitate the 
Knowledge of the TRUE SYSTEM of the WORLD 10 


young Minds by the various Parts of ſuch a Machine; 
and to render the Book 9 ae as pane as 


poſſible 10 _ R 
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DESCRIPTION and * 
OF AN 
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Of a New ConsTRUCT10N, derived from the 
moſt exact CALCULATIONS founded on 3 a 
MATHEMATICAL THEORY, 


* EX N this New Confirudtion of an Onn3xy, three 
| 10 I Things are propoſed to recommend it to the 
Public; (1.). A Greater Number of Ce- 


KAN leſtial and Terreſtrial Phenomena will be repre- 


| ſented in, and by its ſeveral Parts, than the Common 
Conſtruction will admit of; indeed, none of any Mo- 
ment are here omitted, (2.) The Diſpoſition of the ſe- 
veral Parts will allow of a much nearer Congruity with, 
and a more perfect Reſemblance of the numerous Phæno- 


mena of the Syſtem, (3.) The Exeznce of an ORRERT 
in this Conſtruction is far leſs than that of the Common 


Sort; a natural and infiruftive Simplicity being here pre- 
_ ferred to uſeleſs and 905 Magni ſicence. 


The Component Parts of this OxRERx are as follow : 
(I.) A PLANETARIUM, exhibiting the DisposITION, 
Moriox, and AsPEcTs, of all the Primary PLANETS of 
the SYSTEM, (2.) A TELLURIAN, ſhewing the An- 

B nual 
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vual and Diurndl MoTions of the EAR TH, and all the 
PRRNOIENA depending thereon, relative to the variable 
Lengths of Days and Nic rs; and Viciſſitudes of SEA 
sons of the YEAR, in the different CLIMATEs of the 
EARTH, &c. (3.) A LuNnakivuM, repreſenting the 
Menſtrual MoTion of the EarTH and Moon ; the Pe- 
riodical and Synodical MonTHs ; the direct Motion of the 
Arsipks; the Retrograde Motion of the Nopks; the 
PHAsEs of the Mood; the Manner of Solar and Liinar 
ECLI1PSEs ; the Geocentric ASPECTS of the PLANETS, &c. 
(4.) The Jovian SysTEM of four Moons, and (5.) 
The SATURNIAN SYSTEM of five Moons, and RIxe, 
all in Motion. (6.) A HELIIOTRO E, ſhewing the Mo- 
' T10N of the SUN about its Axis, by its Maculæ or Spots. 
Beſides other Macnintery ſhewing the Stations, Retro- 
gadations, Tranſi 15 and en — of hs Plane ts. 


1. Of the PLANETARIUM. . 


The Prom ETARIUM is the Body or Baſis of the whole 
Machine, or OxRERY. (Fig. 1.) It contains the Wheel- 
Work by which the ſix Primary Planets are carried about 
the Sun in the Center, in their proper or ſtated PERI Ons 
of Time, Theſe Planets are eaſily put on, and taken off 
from their reſpective Sockets occaſionally. They are round 
Ivory Balls, having one Hemiſphere (next the Sun) 20hite, 
the other lack, to ſhew their reſpective Phaſes to each 
other. Their Order or Difpoſition is as follows: In the 
Center of the Syſtem is a large Braſs Ball or Globe pro- 
perly gilt, to repreſent the SUN, about which moves the 
Planets MERCURY V, Venus Q, the EARTH ©, Mars 
, JUPITER A, and SATURN hy each ſupparned, on a 

proper Brachium, or Arm. 
About the Primary PLANETS are placed their ITY 
DARIES, Satellites, or Moors; * about the Earth is 

one 3 n 
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ene; about Jupiter are four; and about Saturn, fue, 
beſides his RinG ; theſe are moveable at Pleaſure by the 
Hand in the ordinary Conſtruction of the Planetarium; 
but in that which is moſt compleat, they are moved by 
Wheel-Work in common with their Primaries, and in 
their true periodical Times. | 

Upon the PLATE of the Planetarium are placed in two 
appoſite Circles, the EcrieT1c-and the KALENDAR of 
MonTrs ; by Means whereof the Planets are eaſily ſet 
to their mean Places in the Ecliptic for any Day of the 
Tear. Then by turning the Winch, or Handle, they 
all move about the Sun from WzsT to EasT with the 
ſame reſpective Velocities of Motion, and periodical TIME 3 
as 'they have in the Heavens, And thus you. have # 3 
juſt Repreſentation of the true a, epa nie, or 
Solar SYSTEM. 
Then to repreſent the Ptolomaic, or Fulgar SYSTEM, 
you take the Sun from the Center, and in its Stead put 
on a ſmaller Ivory. Ball with Circles to repreſent the 
Central EaRTH ; and then taking off the Earth from 
the 3d Arm, you place a ſmall Braſs Ball in it's Place, to 
. denote the Sun revolving (with the reſt of the Planets) 
about the Earth at Reſt in the Center. By theſe Con- 
ſtructions of the two Syſtems, the TrxuTH of the one, 
and the Abfurdity of the other, will be rendered ex- 
tremely evident by the Phenomena ariſing from each. 
How very near the Mean Motions of the Planets in the 
| _ ORRERY approach to thoſe in the HEavens, will appear 
by the following Table, wherein the firſt Column is of 
the Planets ; the 2d ſhews their Periodical Times about 
the Sun; and the 3d ſhews how much each Planet's 
Motion in the OnRERY differs therefrom in the Space of 
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6. 4 14. 34.16. 
Fw. 224. 1 3 30. 2 40. | 1 
LARTH: 355. 5. 49- 25-17. 48. o. too faſt | 
{Mars 686. 22. 18. 19. 7. 83 * too faſt |. 
ER 4330. 8. 35. 0 4. 40. 48. t 
10750. 13: 4. 42 LI. 37 12. too faſt 


II. Of the TELLURIAN. 


"The Second Part of this Orrery I call a TELLURIAN, 
155 ig. 2.) becauſt it ſhews moſt accurately and evidently 
all the Phenomena ariſing from the Aunual and Diurnal 
| MorTions of the EARTH, in a Terreſirial Gonk full 
Three Inches in a Diameter z upon which all the Parts of 
the terraqueous Surface are diſtinctly delineated, and the 
 Equaror, EcLieTic, and-Mgrinian,. divided into 
their proper Degrees ; the Hou CIxcLEs drawn thro? 
every 15 Degrees of the Equator ; the PARALLELs, alſo, 
thro every zoth Degree of North and South Latitude; 
with the Troeics of Cancer, and Capricorn; the 4r&ic 
and Antarctic Circles, &c. as in the larger Globes. | 
All the Continents, Kingdoms, and Iſands, of Note, are 
| Ealily ſeen ; as alſo all the Oceans, Seas, and Bays ; ſo that 
the Annual Motion of the Earth about the Sun, and the 
Diurnal Motion upon its Axis will exhibit the ſame Ap- 
pearances as our real Earth would do if beheld at a pro- 
per Diſtance from its Surface ; for whatever relates to 
Changeable SzAsons, and the variable Lengths of Dars 
and NiGnTs- in every Part of the Year, and in every 
particular Country, Climate, or Lans will be viewed 
equally alike in both. 

To this End the Axis of the Earth has: a perſect Pas 
raleliſm and Juclination to the Plane of the Ecliptic ; there 
| 1 5 1 


ö 


Earth) mw point to _ ack 8 Face in the Ecliptic ; and 
then 
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is alſo a Circle of Ulumination about the Globe, divid 


the enlightened from the dark HEMISPHERE 3 and by 3 


Dial-Plate of the 24 Hours juſt under the Globe, it will 


appear at what Hour the Sun riſes and. ſets to W 1 by 


of the Earth, and on every Day of the Year. 


There is likewiſe a proper Index to ſhew when 2 is 


Noon, or the Sun is upon the Meridian of any partieular 
Place; by the ſame Index is alſo-ſhewn what Sign and 
Degree of the Ecliptic the Sun is in for every Day; the 
Parallel of Declination it deſcribes ; and the Length of 


the Diurnal and Nocturnal Parts of that rang in the 


light and dark Hemiſpheres ie 
For ſome Purpoſes it will be nila to have a the | 


Diurnal Motion of the Earth, and then there is a Provi- 


fion made for ſtopping the Annual Motion at Pleaſure; 


by moving ſideways a Braſs Studd. Some Phaznomena 
likewiſe require a greater Velocity of the Earth about its 


Axis, than others; and therefore by moving another 


Studd you effect that ; for thus you will have the Earth 


1 Part round, or 3 Hours, by one Turn. 

About the Socket for the Earth there is a fix'd Socket 
upon which a Circle is firmly placed, of Six Inches Di- 
ameter, whoſe Periphery is divided into a proper Number 


of Teeth, for giving Motion to the Machinery of the 


TELLURIAN upon the ſilver'd Surface of this broad 
Circle are engraved the EcLieTIc with its Signs and De- 


grees, and the KALENDAR of Months and Days ad- 


apted thereto, 


Wyben the Tellurian is uſed, it is to be put upon the | 
| Socket for the Earth, and placed exactly over the Degree 
of the Ecliptic which the Earth poſſeſſes that Day, or ſo 


that the Index at the End of the Arm (oppoſite to the 


move once round with every Turn of the Handle, or * | 
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chen ſcrewing it faft upon the Socket and turning the. 
Winch, you will ſee the Annual and Diurnal Motion com- 
mence, and n td way analogous to thoſe in 
* 


of her + erden from the Ecliptici in every Part. 


UI. Of the LUNARIUM. 


„Aster the ſame Manner, you place upon the ſame 


Socket, the Lux ARIun; (Fig. 3.) whoſe Machinery is 
alſo put into Motion by the Teeth on the fix d Circle. The 


Motions ſhewn by the Zunarium anſwer all the Phæno- 
mena of a Satellite or Moon, revolving about its Pri- 
mary, while that is carried about the Sun. Theſe * 


a tions and Appearances are as follow, viz. 


Hir; the Menſtrual Moriox of the EAnrn and 


ä Voon about the Common CENTER of GRAVITY be- 
tween them. 


. Secondly ; The Circular nn of this Guin of 


. err about the Sun, which deſeribes the True Aunual 
Orbit; and in which the Earth has a very irregular or 


rather a vermicular Motion from one Side to the other; 


being in each Month zearer io, and e PO the 
Sun. 


Thirdly; The Monthly Motions of the Moon, viz. the 


k Padua Month in which the Moon deſeribes exactly 


the Ecliptic; and the Synodical Month, which is the Space 
of Time between two New Moons or Conjunctions. 
Fourthy; The Annual parallel MoTron of the Ecip- 
TIC; ſhewing the Place of the Moon, the Nope and 
APOGEE ; as alſo the Geocentric Motions, Places, and Tp 
pets of the Sun, and all the PLantTs, 

Fifthly ; The retrograde MoT1oN of the Nopks with 
the INI NATION of the Lunar Orbit, and the DEGREES 


Sizthly 1 


Of an OnRERY of « NW Cons raucriow. 7 
Sixtbly; The Direct Moriox of the ArooER, or the 
Line of the Apſides; with the Situation of the Elliptical 
Orbit of the Moon and Place of the Apogee | in the Eclip« 
tic at all Times. | 
Hy ſuch a Variety of Motions in the Lunazivn, it 
will be very eaſy to ſee the Rationale of moſt of the Lunar 
Irregularities and variable Phenomena; alſo every thing 
relative to the Nature and Doctrine of EcLiests, both 
Solar and Lunar; Total, Annular, and Partial. | 

Moreover the Mechaniſm for the PHazsts of the 
Moon is ſuch as always cauſes her to ſhew the ſame Face 
to the Earth, without hiding any Part of her Surface; ſo 
that every Phaſe of the Moon in the Orrery, is every way 
ſimilar to that in the Heavens at the ſame Time. 

The great Exactneſs in the Motions of the Luna- 
RIUM will appear by the Table below, exhibiting the 
Difference in Motion in 20 Years between the ſame in 

the Heavens and in the Orrery. | 


FS "4 W a 1 4. n * Les „ 


B. * 5 | 5 
Moon „ Synod. Revol. 29. 12. 44. 3287. 3”. too faſt 
An. Mot. of AroOERE 405 39 500. oo . 3-27”. too faſt 
[Ditto of the Nope 195. 19. 43. O00. 4. 650 too flow 
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IV. Of the JOVIAN SYSTEM. 


By this Part the Motions of Jupiter's 4 Moons or Sa- 
tellites, are ſhewn as nearly correſponding to their Mo- 
tions in the Heavens, as the lateſt Obſervations 70 
them will admit of. «end 

This Piece of Machinery. is put into „ Motion by the 
Teeth in the Periphery of a large Circle placed firmly on 
a fix'd Socket, encloſing the Socket of Jupiter, and upon 

this the Jouian Syſtem is to be placed in ſuch a Manner, 
that Jupiter's Place in the Ecliptic of the Orrery may be 
the ſame with his Helliogentric Place in the Heavens at 
| the 
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1 And then, by placing the Studd for 
the flow Motion, and turning the Handle, you will ſee | 


Jortrenx move in his proper Orbit, and his 8A TEI- 
LITEs at the ſame Time deſcribing their reſpeQive Or- 


bits about him, as the Center of their Motions, and in 


the Pr 1056 of Tims as ſpecified in the Table be- 


The Diſtances of the Satellites have the ſame Propor- 
tion here as in the Heavens; which are expreſſed (as in 
the Table) in Semidiameters and Decimal Parts of Ju- 
piter's Globe; therefore ſince this 7ovian Planetarium 
bears ſo great a Reſemblance to that of the Solar One, (in 
Fig. 1.) I think a Figure of it will be needleſs. | 
Laſtly; The RorArioN of JuPiTER about his Axis 
3s here ſhewn to be the ſame as in the Heavens, viz. in 9g 
Hours, 55 Minutes, and 54 Seconds; by which all the 


P)hænomena of his DArs, and Niours, SEASONS, &c. 


e 
v. Of by SATURNIAN SYSTEM. 


The Brachium or Arm which carries the Saturnian 
'SYSTEM, is ſærew'd faſt upon the Socket for SATURN, 
and has it's Machinery put into Motion by the Teeth 
upon the Edge of the Plate of the Planetarium; the Pri- 
mary being firſt carefully ſet to its true Place in the 
a the 7 95 Time. 


95 - ; — 3 
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1 B turning the Handle, the Primary and its Satellites 
all move ſimilatly to their Originals in the Heavens; about 


an Axis inclined to the Plane of the Ecliptie in an Angle of 
31 Degrees, as that of Saturn and his Syſtem is found to 


5 be by the apparent elſiptic Motions of m_ n and 


4 * > L 


the Phaſes of the Ring. 


The Periodical Moriotts of the five Moons are \reſpee- 4 


| tively as in the Table below; and alſo their Difances 

from Saturn's Center (meaſured in Semidiameters of the 
Ring) in all but one, viz. in the'5th, for otherwiſe the 
Diameter of Saturn and his Ring, and indeed of the 
whole Syſtem, muſt be very ſmall. 


During the whole Revolution of dase bis Ring; 


by its parallel Motion, exhibits the very ſame Phaſes'as 
are ſeen in the Heavens at the ſams Times. As no Di- 


urnal MoTion of SATURN about its Axis has N 


Ir ſo none i is here n toe 


5 15. f 22. i 41, 12. Tb "x | 
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VI. 07 the HELIOTROPE. 


The HELIOTROPE is a ſmall SysTEM of Mecnanis 
fixed upon the Axis of the Planetarium, juſt under the 


Sun, and by which the Motion of the Sun about its 
Axis i is ſhewn in 25 Days, 15 Hours, 16 Minutes, as it 


is obſerved im the Heavens, by the regular Motion of the 


Maculæ or Spots on is Diſk there, and as they here * 
"yo in the Orrery. | 


The Motion in the Hxiornorx originates rm . 


Motion of the Planet — as being connected 


C there 
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„ Thi Part may be coſtly put on, or taken, 


| 28 Occaſion requires. 


The various Pieces of . hitherto deſcribed, 
though they make the greateſt and moſt eſſential Part of 


the Ozrxry; yet are not ſufficient to repreſent all the 
Phænomena of the Heavens; ſome of which require ad- 


ditional-- Contrivances, | Circles, and particular Ma- 
chinery ; the chief of which here follow: 

Firſt; The IngiivaTion of the Planes of the Or- 
bits of the Planets to the. Plane of the - Eeliptic, is an 
Affair of too great Nicety and Minuteneſs to be expreſſed 
by Machinery, as will be evident in the Table following 
of the ſaid IxeLIN AT ION, Place of the aſcending Nope, 
and the Apbelium peculiar to each Flas, ne to 
Dr. Herxzr for the Year 1800. F 
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Such ſmall Mg hh as thoſe for Mars, Jupiter, and 
Saturn cbuld not be ſenſibly ſhewn by Machinery, tho? 
thoſe of Fenurand Mercury Orbits might; but the Ex- 


pence wauld be not a little; and the End may be an- 
ſwered, I think, full as well by CircLEs. diſtinctly 


drawn for each Planet upon the Plate of the Planetarium, 
wherein the Poſition of the Nopks and Aphelia might 
be mark'd ; and the LaTITUpEof the Planet expreſſed 
or every Part of its Orbit, North or South. 0 
Secondy; The PROPORTION of the Planer 6 Dus⸗ 
TANCES from the Sun's CENTER may be ſhewn in the 4. 


Rift viz. Mercury, Venus, the Earth, and Mars, as alſo 


ow Fuoronvien of Mar uE to each other, by 3 
parti: | 


Of an —— of a New Conlata UCTION, IT 


particular Set of Brachia and Balls for that Purpoſe; but 
it would be to little Purpoſe to attempt wy thing of this 
fort for the Whole Syſtem, *' 

Thirdly; The Direct and Baingade anon FRO 
$TATLONs of the Planets way be much more naturally 
repreſented than uſually in Orreries, by a particular Con- 
trivance of a Radius Vecior, ſhewing the True Motion of 
the Planet about the Sun, and its apparent Motion 
among the fix d Stars at the ſame Time. | 
HVurthy; An Apparatus is eaſily adapted to the Plus- 

tarium, to ſhew all the Phænomena of the TRANSTLTS of 
MRcuxx and Venus over the Faces of the Sum, 

ſuch as I ſhewed. in Public to Thouſands on the late me- 

| morable Inſtance of 176g. * 

- ifthly ; ; The Nature and mtr the W 5 
of the EquinoxEs, and thereby the Differences between 
the Sidereal and Tropical YmAR, as alſo the Appa- 

rent direct MoTion of the Fix'D STARS may be rene 

dered very eaſy to conceive, by what may be properly 
called A Platonic GLonkE, whoſe Axis, Equinoxes, Oo- 
lures, &c. retrograde, like thoſe of the Earth, thro? the 
| Great Platonic YEAR. 
I have not included the Phænomena of Comers:i in the | 
foregoing Idea of an OxRERT ; the great Ecrentricity of 
their Orbits will by no means admit them into ſuch a 
Conſtruction. They muſt therefore be ſhewn in a parti- 
cular Machine for that Purpoſe, and which is progefiy 
called a COMETARIUM. - 


Neither have. I mentioned. Aran or Haniſyhore tel 
cumſcribing the OxRERY, becauſe there is really no 
ſuch Thing in Nature. The ORRERRY I propoſe is a bare 
Repreſentation of the Solar SYSTEM in. its native Simpli- 
city, and is, in its ſelf, ſufficiently grand, and pom- 
dbous; it ſtands in Need of none of the uſeleſs, ex- 
| C 2 penſive, 


n Dzöckip row and UD 


. * cumberſome Embelliſhments of Art. The 
DocrTzine: of the SphERE has little or no Connection 


with the Conftruftion and Uſe of an OkRERT. The 
SenenE is only a Compages of imaginary Circles; the 


Oxrexy conſiſts of nothing but Realities, which compoſe 


the Planetary Part of the Mundane Sys TEM. The Uſe. 


of the CixcLEs of the SPHERE is beſt taught upon the 


Globes, as the Reader will ſee in my Tann on n 


Subject. 


However, Gentlemen may have the OxRERY con- 
ſtructed in what Manner ſoever they chuſe, with or with- 
out a Sphere, or Hemiſphere; with the Saturnian or 7o- 


vian Syſtem of Machinery, or without it; with a full Lu- 


narium, or otherwiſe as they pleaſe; and the Prices will 


be proportioned to the Work. 


The CAL curl Arion of the WuzzL Work of. every 
Part is founded on the following Mathematical TnñEOR r, 


- which I was induced to ſubjoin, left any one ſhould think 


I defire my Word only may be taken for the Truth. of 
what I have aſſerted. Here the Reader will find a more 


eaſy and (I hope) perſpicuous Demonſtration of the Me- 


thod of conſtructing Wheel-Work for an OxkERT, than 


that of the celebrated Huctnivs in his Automaton, who 
is the only Author I have ſeen upon this Subject; but he 
has not a Word about the Motions of the Lunar Node and 
Apeger; nor about the Movements of Fupiter's or Saturn's, 
Aeon. I believe there is not one ſuperfluous Wheel, 


in the whole Orrery, perfect as here propoſed. Nor can 
I think of any wanting; for it ſeems very certain there 


is 20 Satellite about Venus; and as to her Rotation about 


ber Axis, it is ſo very uncertain a Matter, that Machi- 


nery to repreſent ſuch a Phænomenon would be 1936 nu- 
_ hs not puns, | 
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FOR THE 


WHEEL- WORK of an ORRERY 


To THE 7 


Moſt extreme Degree of Accuracy. 


HE Trxoty of an OxRERY depends Almoſt 
, 6 i wholly upon the Doctrine of Commenſurale Num- 
bers and Fractions, as will appear in the Sequel of this 
Diſcourſe. To underſtand which, the een Defi- 
nitions and Axiom will be neceſſary. | oj 

2. Definition I. One Number, or Quantity, is aid | 
to meaſure another, when it is exactly contained in that 
other, without any Remainder ; as 3 is OY in 
f 12 juſt 4 times. Pl 4 

3. Def. II. AN 1 that * ad two 
others, is ſaid to be a common Meaſure to them both 
thus 3 is the common Meaſure of 12, and 275 as It ex- 
actly meaſures both. | | 21 

4. Def. III. Numbers or Quantities are ſaid to by 
commenſurable, or incommenſurable, as they wil l, 0 or ah 
not, admit of a common Meaſure. 

5. Def. IV. Whole Numbers are faid to be prime to 
each other, which admit of no common Meaſure, but 
Dunity; thus 3, 7, 11, Nee are prime Numbers, . 
6. Def. 
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6. Def. V. When a leſs Number meaſures a greater, 
* the leſs is called an Aliguat Part (or Submultiple) of the 
greater; and the greater is ſaid to be a Multiple of the 


leſſer. 
E To theſe Definitions muſt be fubjoined the follow- 
ing Ax1oMs, vz. 

Axiom I. 1f ane Quantity 1 ance. and = other 
meaſures a third, then will the firſt meaſure the third: Thus 
if 3 meaſures 12, and 12 meaſures . then will 3 mea- 
ſure 36. 

8. Ax. II. if a Number be @ common Meaſure 10 fe 
ethers, it will meaſure both their Sum and their Difference. 
Thus becauſe 3 meaſures 12 and 21, it will meaſure their 
Sum 33. and their Difference ; for ſince 3 is contain'd 
4 times in 12, and 7 times in 21, it muſt be 11 times con- 
tained in their Sum, becauſe 4+7=11; and 3 times 
contained in their Difference, becauſe 7 —4=3. 8 

9. Ax. III. If one Number be divided by another, and. 
| there be a Remainder, take away the Remainder from the Di- 
vidend, and the Diviſar will meaſure thereſt. Thus if 14 be 
divided by 3, there will remain 2, which taken from 14. 
there will remain 12, which is meaſured by 3. A 

10. By theſe Definitions and Axioms, we are prepared te. 
give a Demonſtration to the ban e Viz. 


THEOREM . 


Let A and B be two Numbers, and A the greater; 
let A be divided by B, and (without regarding the 
Quotient) let C be the Remainder; then divide B 
by C, and let the Remainder be D; again, divide C 
by D, and let there remain E; and laftly, divide D by 
E, and let nothing remain; then will this yea bays ceo 
_— 2271, 0 and B. 

: 11. For . 


of WIIII-wonk for an OünZ nnr 1 
11. For E meaſures D, by Hypotheſis; and D meaſures 
CE (9.); therefore alſo E meaſures C=-E (i); but 
E meaſures it's ſelf; therefore E meaſures both E and 
CE; but the Sum of E and C E is C; therefore. E 
meaſures C. (8.) 


12. Becauſe E meaſures c, we C enſue „ BD. 
therefore E meaſures B. D; but E meaſures D, bySuppo- 


ſition; therefore E meaſures both D and B<D; and 
therefore it meaſures their _ which is B, mn ** 
given Number, a * 

13. Since E meaſures B © nigh B 3 A—C, 


therefore E meaſures AC; but E meaſures C (11.); 


therefore E meaſures the Sam of C and AC, which i is 
A, the greater of the given Numbers. Thus then it is 
proved, that the laſt Diviſor E, without a e's, 
meaſures my the given Numbers A and B. . 


"THEOREM II, 


© 4 by This Dxvrsor E is the greateſt common Mefirt 
FA and B. To prove this, let F, if poſſible, be a greater 
common Meaſure to A and B than E is. Ther becauſe 


F meaſures B, and B meafures A.- C, therefore F mea- 


ſures) A—C ; but F meaſures A by the Suppoſition, 
thereſore F meaſures A and A=C 5 and therefore i 
meaſures their Difference C (8. 

16. Since F meaſures C, and C meaſures Bi 
therefore F meaſures B— D; but F meaſures B, by Sups 
_ poſition, therefore F mere} B and B—D; ; and _ 
fore it meaſures their Difference D. | 

16. Laſtly ; Becaufe F meaſures D, and D EDS 


CE, therefore F meaſures C—E ; but F meaſures C 
(by 14) therefore F will meaſure both C and CE; and 


conſequently ] F wall meaſure E, which is their Difference. - 
That 
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That is, à greater Quantity F meaſures a. leſſer one E, 


which is abſurd. : Therefore E i is stin FG common 
Meaſure to A and B. 


17. Hence if any e F bre any two Nums 


bers A and 8 it wall alſo meaſure their nn common 
Meaſure E. | 

18. Races 4. 3 TV are Auctions of A, it is wo 
ther Sum AfA, and alſo their Difference te 


be Multiples of the ſame — A; 


| EO and A —bA=a—bXA. 


532 


55 THEOREM III. 


29; Suppoſe 4 and B any #100: Quantities beſo A common 
Multiple is C; then will C meaſure any other common Mul- 
tiple D of the ſame Quantities. If this be denied, it muſt 


follow, that after C has meaſured D as often as is poſ- 


ſible, there will till remain a Quantity E leſs than C: 
Be it ſo, and then C will meaſure DE. Since then A 


and B both meaſure C, and C meaſures DE, A and B 


will both meaſure DE; therefore DE is a common 
Multiple of A and B, but D is a common Multiple of the 
ſame by Suppoſition; therefore the Difference of D and 
D—E, viz. E, is a common Multiple of A and B (18), 
but E is leſs than C, by Suppoſition; therefore if C does not 
meaſure D without a Remainder, it will be poſſible for 
A and B to have a common Multiple leſs than tar: nll, | 
which i 15 __” Therefore, _— 
<P H EO R E M IV. 

20. If any two unequal Quantities 'A and B are ul. 
tplied together, the Product AB is a common Multiple 
of both. This may ve . by cheir eat common 

Multiple 


pq 


r for an OanzAT. 17 . 


Multiple my (19) and let = then AB=nC, 


and Ses the leaſt e common ; Multiple of A and B. 


1 AB. B 
21. Hence becauſe Cas 2 8 — B «op it it is evi- 
dent that > and 8 Fare whole Numbers, or 1 c 


is a common Meaſure. to both AandB ; for they are 
Aliquot Parts of AB, as appears from the Nature and De- 
finition of Multiples. 

THEO R El M Ya 


22. But further it appears, that Ci is the greateſt common 
Meaſure of A and B ; for if you ſuppoſe a greater common 


Meaſure D; then, ſince ay and F would be whole —_— 


bers, AB would be a common Multiple leſs an their | 


D 
leaft =o» which is abſurd. 


23. — the Rule for finding the leaſt common | 


Multiple of any two Quantities or Numbers is, To mul- 


tiply them together, and divide the Product by their greateſt com- 


mon Meaſure, then the Quotient is the leaſt common Multiple 
fought. For Inſtance, ſuppoſe the Numbers 12 and 15 were 


' propoſed, their greateſt common Meaſure is 3, and their 


Product 180; then 122 150_ bo, theirleaſtcommon Man 
3 


THEOREM v1 


| | „ 
24. Since I =m, if we ſuppoſe Pu. then will 


be the leaſt common Multiple of the two Numbers, m, Z, 
. vo whoſe 
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| have =D, and D FE, and therefore AE=BD= 


18 The Turony of CaLcuLATION 
whoſe greateſt om - ney is D; and if for m we ſubſti- 


its value, we have B= that is, 1 will be the leaſt 


common Multiple of the three Numbers A, B, and 23 for 
Example, let A=8, B=10, ZL=12; then i is C=2, and 
ABZ. 8x10xt2 


D=4; ; and = 120, the leaſt com- 


CD. 2X6. 


mon Multiple of A, B, and Z, as required. And thus 


you proceed for four or more Numbers. 

25. Hence, if the given numbers A, B, and 2, are 
prime to each other, then becauſe C=D=1, their leaſt 
common Multiple will be the Product of their Multiplica- 
tion, viz. ABZ=n. . | 


THEOREM * 


26. When a Fraction 2 is reduced to its leaſt Terms! 


then, becauſe they are ſtill equal, we have AE=BD= 


leaſt common Multiple of A and B; becauſe in this Caſe, 


if C be the greateſt common Meaſure of A and B, we ſhall 
AB 
'© =" 
the jſt common Multite of A and B. (20.) 


; THEOREM VIII. 
27. Let A and B be any two Quantities whoſe greateſt 


common Meaſure is C, then if any two unequal Multiples 


of A and B, as A and B be taken and compared, their 
Difference mA -B can never be leſs than C. For ſince 
C meaſures A and B, it meaſures all their Multiples, for 
C meaſures A, and {A meaſures mA ; therefore C mea- 
ſures mA ; and therefore alſo B (7). But if C meaſures 
mA and b, it will e their Difference mA —»B, 


(8.) 


/ 


1 — for an OhRRR Tr. 19 

( 8. ) therefore no Difference of thoſe TE can be leſs 
than C. 

28. The foregoing Conſiderations on the Meafures and 
| Multiples of Numbers lay the Foundation of the following 

Proceſs for the Management and gradual Reduction of 
large Fractions to their loteſt Terms or Nenomination, 
which is a primary and moſt eſſential Article in the 
TRHERORY of OxRERT-Wokk. This will conſiſt in the 
Solution of the ſubſequent 0 

GENERAL PROBLEM. 

29. Let A and B be any two given Numbers, of which A is 
the greater, it is require to find two unequal Multiples m A 
and n B, whoſe Difference ſhall be the laaſi poſſible. 

In this Caſe, m An BC, the greateſt common 
Meaſure of A and B (by 27.); and the Method of find- 
ing this greateſt common Meaſure has already been ſhewn 
(10.) and will be illuſtrated by the following Synopſis, 
where A=250, and B=112 ; then we have, by Pixies 


B=112) 270=A (22? 


224 Z 
' C=46)112=B (12 | 
92 
D=20) 46 C (2 =. 
40 
E=6) 20=D (3=s 
0 
*  F=3)6=E (3=t 
877 
"ay 


30. By this Operation we find F=2= the greateſt com- 
Meaſure of A and B, or of 270 and 112, But we muſt 
now find ſuch Multiples of A and B, whoſe Difference 
will be equal to F; in order to this a Set of Artificial 
Equations muſt be formed of the Differences of various 

D 2 Multiples 
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20 The Tazory of On rel 
Multiples of A and B, till we arrive at that which ſhall 


give the Ratio of A to B in its loweſt IGG 4 or r become | 


equal to their greateſt common Meaſure F. 
31. To this End it may be conſidered that any parti 


cular Equation as A=270, may be formed into a com- 


pound differential one, by aſſuming any other Quantity B, 
and annexing it to A with a negative Sign, and b for it's 
Co- efficient; thus, 1 A—oB=270, the ſame as before; 
accordingly, we may put oA—1B=—112. And then 
we ſhall have two Equations to be plaged under each 
other as below: 
1 Equat. 1. b b 

Egquat. 2. A- 1B = IfZ2 = B. 


32. We next conſider, that when A is divided by B as 
above, the Quotient is 2=p, and the Remainder is 46 C; 


then C may alſo be expreſſed Equation-wiſe, conſiſting 
of the Difference of two Multiples of A and B; for it is 
evident, that 1A—pB=C; and it 1s as plain that this 
Equation is derived from the other two; for 1A =1A —oB, 


and —pB=px—B=þp XoA— xB5 conſequently, 


#A—IBXp+iA—oB=C=1 A—2B; we have there- 


fore now three Equations in the following Forms: 


Equat. 1. 1A—oB=+250=+A. 
Equat. 2. oA—1B=—112=—B. 


Equat. 3. 1A—2B=+ 46=+C. 
33- Again, we ſee in the Operation (29.) that making 


B the Dividend, and C the Diviſor, we have a Quotient 


9, 4 and a Remainder D; and that therefore B -C =D; 
ce B (32. ) therefore B-D=gA 


whence 


: bB; ; therefore tranſpoſing ! B, we have 7A 9B 
£ =—D=A—pBxg+oA1 oA—IB=2A—5B; which is 


.Kherefore a fourth _— in the Series of Multiples. 


Equat, 


— 
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Equat. 1. 1A—oB= +270=+A. 

Equat. 2. oA—1B=—112=—B. 
_  Equat. 3. A—2B=+ 46=+#C; 
Egquat. 4. 2A — 5B a 22h, e 
Oy From the two laſt Articles, the Rule for: 3 
| each ſucceeding Equation. is evident, viz. multiply the laſt 
E guation by; the Quotient of the preceeding Diviſions to this 
Product add the preceding Equation, and the Sum will be the 
new or ſubſequent Equation required, Thus to get a 5th 
Equation, I multiply the 4th 2A - 5B by Quotient 2=r, 
and the Product is 4 A—10B; to this I add the preceed- 
ing or 3d Equation A—2B, and the Sum is 5 A125 

=+6=+£E, which is the 5th Equation required. 

35. The ſixth Equation is obtained in the ſame Man- 
ner, viz. Multiply the 5th, viz. 5 A- 12 B by the Quotient 
3=s, the Product is 15A 36 B, to which add the Ath 
Equation 2A 5B, and the Sum is 17A—41 B==2 
= F the Equation required. 

36. Then this Equation multiplied by the next Quo- 
tient 3=f, is 51A—123B, to which add the 5th Equa- 
tion, and the Sum will be 56A—135B=0o, . For at this 

Step the Diviſion ends, there being no Remainder. 
Hence the ſeven Equations will ſtand as follows: 

Equat. 1. 1A— oB=+270=+A. 
2. 0oA— IB=—112=—ÞB. 
3. IA — 2B=+ 46=+C. 
4. 2A — 5B — 20=—D. 
5. 5A—12B=+ 6=+E. 
6, 17A—4iB=— 2==F, 
7. 56A —135B= © 


— 


37. From hence it appears, that 56A = 35B=r ia, 
is the leaſt common Multiple of the Numbers 270 and 
112. And therefore the Fa 272 is, in it's leaſt 


T , 7 
THE O- 


„n The Turonv I. cke, 


THEOREM IX. 


38. The unequal' Multiples of A and B aodich 1, theſe 
| Equations, have their abſolute Numbers approaching nearer and 
nearer to the greateſt common Meaſure of A and B; and in 


the laſt but one will always be equal to it. Thus the 6th 


Equation here is 17 A—41B=—2, or 41 B—r7 A=2, 
the greateſt common Meafure of 270, and 112. | 


309. From the Nature and Geneſis of theſe Equations it 


alſo appears, that the abſolute Numbers are alternately affirma- 


tive and negative; and that the reſpectiue Co-efficients of the 


Multiples A- and B conſtitute a Series of Ratio's converging 
| towards the Ratio ; thus the Ratio's 1 eee 


12 ᷣ41 255, 
FLEE 


B 1 -x*- 2* 


the ratio of A toB: thus = is lob than A an 2 ; is 


greater, but yet nearer ; and = is leſs, while Eingreater 
and very near the ratio of A to B; but the laſt is exactly 


| A 2 
equal to ito” VIZ. S- or 270; : 112 :: 135: 56. 


THEOREM X, 


SY If the Co-efficients of A and B in any two Equa- 
tions next to each other be multiplied croſs-wiſe, the Dif- 
ference of the two Products thence ariſing will always be equal 
zo Unity. Thus, for Inſtance, in the 3d Equation we 


had ABC, and in the 4th, qA—pg+1xB (33.) 


then 1X YT I I=pq+1, and *, which is leſs than 
70 1 by * 


HE O- 


are alternately , and greater than 


\ 


Wy 


leaſt Terms, for if they were not, the Numbers which 


Symbols thus, Th Md, —, — — — 75 then ſince 
5 S 


The ſame as oy. in (36.) Therefore the Series coms è ?! 

: I P Q RS E — 

. pleat will be = —, —, 2. —, —, — —_ 8 
5 3 7 „ OM 8 


4 


1 vy HEEL-WORK * for An Orrs. 7 23 


82 'T HEO R E M XI. 
41. The Fraftions of the Series (39.) are all in their 


compoſe them muſt admit of ſome common Meaſure C- 
greater than Unity; this Series may be repreſented in 
x PER 38 


1 # 
C meaſures R and r, it will meaſure Re and Q, and 


their Difference R 4q—r Q (27.) But this Difference j is 


equal to unity (40.) therefore C, a Number greater 


than Unity, meaſures Unity, which is abſurd, There- 


fore the Fraction 5 is in it's loweſt Tens. And the 


ſame i is ; ſhewn of all the reſt, 


THEOREM XII. 


42. In the Proceſs of (29.) if inſtead of the true 
Quotient 3 at laſt, the neareſt Quotient too little, viz. 2, _ 
had been taken, then the 5th Equation added to twice the 
Sixth, would have produced a Seventh Equation, viz. 
39A—94B=+2. Where the Multiple of A Is now 


* than that of B, and — 25 =p. 9 SY 


THEOREM XIII. 


43- Again ; if to the 6th Equation 19 A=41 Hm FR 
We add the jth - - =- 29A—94B=+2 


— 


The Sum will be the 8th Equat. 56 A1 35B=0 
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=. or in Numbers => . 2, . 135 Hants 
= 1 2-5-1739 56 
. evident, that the Ratio = F lies between — Land 


= _ 
= T, hat is mee te de later, this will be beſt illuſtra- 
= 6005 in Numbers, thus; 112 : 270; 1: 2,4107; and 17: 
4 ; I ; 2,4118, and 39 : 94 : : I: 2, 41025, tharofors 


„ ; | 
12 g Difference ojbor r 


We have adi, Ry 
IS gc 8 Difference 0,00045 + 


Zo that if the Ratio or Diſtance between S nd > be di- 
vided into 155 equal-Parts, the Ratio = will be 110 _ 


from = and only 45 from LY 


15: 3.3 + V0 


* bn the laſt Place, it may be proved that no Fraftion 3 
Es of a leſs Denomination than can approach ſo near to the 
Ratio ck For fince A. lies betwen 1 and z. and be 
B | B ; t c 


is ſuppoſed to be nearer to > than the Fraction = therefore 


it alſo les between 3 75 But the Diſtance or Dif- 


$ 

S. T . S2 W 
_ : ference between — — and 71 is 8 p 
2 ; + Jy 3 , | : ; | 5 


** 


=— (40.) and 


the 
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f Wurrr-wenk fr ont. 
the Ditfcrence between Send bk . = ; 


never be 0 an + = but by che Hypotheſis e c is * 


than t, cherfors is ; greaer than , therefor ; the 


Difference between and © will be greater than cul 


1 OJ 


between 8 and uy and therefore the Fraction 8 can- 
| 7 b 


not lie between them, and conſequently cannot approach 


"bt 1 & ZN vat 


fs. near to 5 as does 10 E radtion T. 
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THEOREM xv. 


45. The foregoing Series of FraQtions ( 39.) may be 


inverted, and they will ſtand thus: 1 „ 


9 2 
'. 


Re 17 39” 1; but as here de, b deter. c 
12? 41˙ 94 135 135 A 


tions all converge towards the Ratioof BtoA; and have 


al the _ Properties with regard. to EY as the other 


3 | 
8 h for <e - _ 
eries has for 5 3 


46. It may be here proper to iltufrate, by a 5 Ex- | 


amples, the Uſe of the foregoing THREORT, in reducing 
very large Fractions to others of a Jeſs Denomination, but 


of nearly the ſame Value.—Thus the Diameter of a Cir- 


cleis to its Periphery as TO0000000000 to 31415926 5359» 
which Ratio let be expreſſed by B to A, or let 


2 314159265359 . ; this args Fradtion is reduced 10 
B 1cooo0000000 
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one much leſs, by Diviſion, as in Article 29; 1 there- 


The Tizony of CatcvLamion 


by you get the Quotients 3, 7, 5, 1, 2923 but this laſt 


| being. ſo large, ſhews the four firſt 3, 7, 5, 1, are ſuffi- 


cient; for of them you form the following Ratios, 


=, 7 28. = (ſee Articles 31, 22 de.) Now 


this laſt Fraction reduced to Decimale, gives 3-1415929 


to 1, for the Ratio of A to B; which is true to 75 and 
almoſt to 8 Places of Decimals. 

47. For a ſecond ExAMrIE; The Period of the 
EARTH about the Sux is 565 D. 5 H. 49 25 2525950 
=A; and that of Venus 224D. 16 H. 4 4©f= 


323562 =B; or 1 13552 then by Diviſion we ot 


| the following Quotients, viz. 1, 1, 1, I, 2, 30; ; which ( by 


proceeding as the THEORY directs) will produce the fol- 


_ lowing Ratios, viz. ex 2 L. 13: , de two laſt 


2 5 243 


of which come near the Value of A to B. 


48. The Fraction or N == 5D, is that which Ho- 


GENIUS choſe for the Wheels of the "Eldon and Venus | 


in his Automaton ; but as this 1 is leſs than the real Value of 


8 ſo it will make Venus too flow i in the e Orcery by 3e. 


36 in 20 Vears. 


5 49. If we take the Fradion 395 it will a little ex- 


243 
Ceed he Ratio of A to B, bur will be much nearer to it 


than the former; for it will accelerate the Motion of 
Venus i in the Orrery only 6“. 29”. in 20 Years. For ” 
the Heavens the Ratio of B to A is 323562: 525950 : 
243 304, 9965 which is leſs than that in the Orrery 243 
395, by only 06035. in 243 Years but the 0,0035 


no i | | Part 


Ratio 6238820. 155% 05 


proximating e, 8 


for Jupiter's four 2 And thus you proceed for 
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Part of a Revolution is equal to 1? 15” 36” ; therefore 
243: 115 360: : 20: 6 28” 40% as above. A Degree 
of Accuracy that muſt ſatisfy even beyond Expectation. 


And in this Manner the WazzL-Work is calculated for 
all the other PRIMARY PLaneTSs; ſee Page 4. | 


50. The third EXAMPLE ſhall be for the Moni of 
the Moon, whoſe mean ſynodical Mox rn is 29D. 12H. 


44 3 242524; and the Earth's Revolution being 


25950 we have the large Rat — 325959 L289, 
A wich 1 9 42526 42524” 1701 
which gives the Quotients 12, 2, I, 2, 1, 1, 6; 33 from 


theſe we. raiſe this Series of Ratios. 2. 25 . 92, 


F* 


135, 2. 1281 and this laſt Ratio will furniſh a. set 
11 19 174 


of Wheels for the Marine of the Moon to the Exatti- | 


tude mentioned in Page 7..:In the ſame Manner are (ound; 
the Wheels for her Nopk and APOGEE. 


51. Laſtly ; For a 4th ExanPLs, Juptren's. 8 Period i is 
4332D. 12H. 20 "=0239920" 3 and that of his 4th 
Satellite is 16D. 16H. 32” 224032 whence the large 


IT Tees, 3. which gives the Quotients 


259, 1, 1, 1, 1, 8, &c. and from them ariſe theſe ap- 
— 260 519 779, 1298 
4 der | . 3 . 


: 6, this laſt will give as Wheels for a primum Mobile 
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> flew of Parts and Machinery, ſo jt may be made 


AAS SL 


in various Degrees of Perfection, according as Gentlemen 
re diſpoſed to have it; and to prevent Trouble, the Prices 
5 of the feveral Parts; Tels lefs or more combined” wil tbe: as 
2 
. lated below. | „ i \F... 44 a 
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